AbsTRACT background Breathlessness is a common, distressing symptom in people with advanced disease and a marker of deterioration. Holistic services that draw on integrated palliative care have been developed for this group. this systematic review aimed to examine the outcomes, experiences and therapeutic components of these services. Methods Systematic review searching nine databases to June 2017 for experimental, qualitative and observational studies. eligibility and quality were independently assessed by two authors. Data on service models, health and cost outcomes were synthesised, using meta-analyses as indicated. Data on recipient experiences were synthesised thematically and integrated at the level of interpretation and reporting. Results From 3239 records identified, 37 articles were included representing 18 different services. Most services enrolled people with thoracic cancer, involved palliative care staff and comprised 4-6 contacts over 4-6 weeks. commonly used interventions included breathing techniques, psychological support and relaxation techniques. Meta-analyses demonstrated reductions in numeric rating Scale distress due to breathlessness (n=324; mean difference (MD) −2.30, 95% ci −4.43 to −0.16, p=0.03) and Hospital anxiety and Depression Scale (HaDS) depression scores (n=408, MD −1.67, 95% ci −2.52 to −0.81, p<0.001) favouring the intervention. Statistically non-significant effects were observed for chronic respiratory Questionnaire (crQ) mastery (n=259, MD 0.23, 95% ci −0.10 to 0.55, p=0.17) and HaDS anxiety scores (n=552, MD −1.59, 95% ci −3.22 to 0.05, p=0.06). Patients and carers valued tailored education, self-management interventions and expert staff providing person-centred, dignified care. However, there was no observable effect on health status or quality of life, and mixed evidence around physical function. Conclusion Holistic services for chronic breathlessness can reduce distress in patients with advanced disease and may improve psychological outcomes of anxiety and depression. therapeutic components of these services should be shared and integrated into clinical practice. Registration number crD42017057508.
rehabilitation services that incorporate exercise training, education and behaviour change interventions. 14 15 Pulmonary rehabilitation, for example, improves functional status and quality of life, and is a cornerstone of best standard breathlessness care. 14 However, issues with referral, uptake and completion limit reach, particularly to people with the most advanced disease with high levels of disability. 6 16 17 Holistic services are emerging, designed specifically for those with advanced disease and chronic breathlessness. [18] [19] [20] [21] These typically draw on palliative care, but with integrated working from multiple specialties and professional groups. Treatments are selected based on the physical, psychological, social and spiritual needs of individual patients, and their families or carers. Individual studies suggest a positive impact on health outcomes. [18] [19] [20] [21] For example, an integrated palliative and respiratory care service improved breathlessness mastery, and suggested a potential survival advantage. 21 Recent international guidelines subsequently advocate for early integration of palliative care in people experiencing chronic disease, 22 23 and refractory and/or distressing breathlessness may serve as an appropriate referral indicator, especially in non-cancer conditions where prognostication causes delays. 24 However, the evidence base to guide practice and policy is poorly understood.
We therefore aimed to synthesise available evidence around holistic breathlessness services for people with advanced disease. Our objectives were to describe structures and therapeutic components; determine clinical and cost-effectiveness; and understand patients' and carers' experiences of these services.
MeThods design and registration
This systematic review and meta-analysis was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 25 ; the protocol was prospectively registered (PROSPERO: CRD42017057508). 26 
Inclusion and exclusion criteria Participants
Adults experiencing breathlessness related to advanced disease, including cancer (advanced local or metastatic), chronic respiratory disease (GOLD stage III-IV/grade C-D), heart failure (New York Heart Association stage III-IV) or progressive neurological conditions. Studies were eligible if ≥50% of participants met these definitions.
Interventions and comparators
In the absence of a standard definition, we defined holistic breathlessness services as those where patients are enrolled due to their breathlessness (not their diagnosis); drawing on skills from multiple specialties and disciplines; using a holistic approach encompassing non-pharmacological and pharmacological interventions as indicated; and supporting self-management. Interventions were excluded if they did not specifically target patients with breathlessness; or used single treatments (eg, breathing training alone). Pulmonary rehabilitation and disease-specific services (eg, integrated respiratory care) were deemed outside the scope of this review. Exclusively targeted service provider or carer interventions were excluded. All comparators were considered.
Outcomes
Health outcomes included breathlessness intensity, affect and impact domains 27 ; anxiety and depression; physical function; health status or quality of life; and survival. Cost outcomes of interest included service costs and utilisation, and quality-adjusted life-years (QALYs) derived from generic quality of life measures (eg, EuroQol-5D). Experience outcomes included patient and carer perspectives.
Designs
Randomised controlled trials (RCTs) and non-RCTs, observational studies and qualitative studies were included. Narrative reviews, opinion papers and case series with <5 participants were excluded. Our search strategy is shown in Box 1.
Quality assessment
Two authors (LB, MM) independently assessed the quality of included studies using the Standard Quality Assessment Criteria for Evaluating Primary Research Papers (QualSyst), 28 which contains checklists for quantitative and qualitative studies. For mixedmethod studies, both checklists were used. QualSyst scores are summarised as a percentage score of applicable items. Information to aid quality assessment was obtained from primary, secondary and protocol articles. For RCTs we also assessed risk of bias using the Cochrane Collaboration tool. 29 
data extraction and analysis
Data were extracted by one author (SM/LB) using a predesigned electronic form and checked by a second author to ensure rigour (LB/MM). Data were extracted on service characteristics (staff; contacts; duration; interventions; target population), study information (country; authors; year; design) and outcomes. 56 and duplicates removed. Two authors (SM, LB/MM) screened titles and abstracts for relevance, and independently assessed full texts of potentially eligible studies against eligibility criteria. Disagreements were resolved by discussion, and consultation with a third author (IH) to reach consensus. meta-analysis, authors were contacted. For experience data, all text (including quotations) under the headings of 'results' or 'findings' in qualitative or mixed-methods studies were imported verbatim into qualitative data software (NVIVO V.12). 30 Service characteristics and details of associated studies were tabulated. Component interventions were tabulated and summarised narratively. Data from controlled studies were included to estimate effectiveness. Outcomes were analysed as continuous data where possible. Mean differences (MDs) between intervention and comparator groups were reported with 95% CIs. Where data permitted, meta-analysis was performed using random-effects models, and heterogeneity assessed using the I 22 statistic. In all cases, individual studies were only represented once within each analysis. Sensitivity analyses excluded studies with high risk of bias (<70% QualSyst score) and removed outliers where substantial heterogeneity (I 2 >75%) 31 was present. We planned funnel plots to assess reporting bias if ≥10 studies were included. 32 Additional findings were summarised narratively.
Qualitative data were coded line by line, and descriptive themes were developed encompassing the themes or codes of primary studies. From these, new analytical themes going beyond presentation of primary data were generated. 33 Particular attention was paid to similarities and differences across studies, and divergent cases. Multiple stakeholders (researchers, patient/carer representatives, clinicians involved in delivery of services) reviewed the analysis and interpretation to ensure comprehensiveness and increase validity. Data were integrated at the level of interpretation and reporting.
ResulTs
Of 3239 unique records identified and 56 full texts screened, 37 articles were eligible for inclusion ( figure 1 37 ) from seven services were included in the quantitative synthesis (table 1) . Of these five were designed as pilot/feasibility studies 18 36 38 39 and seven as effectiveness studies.
19-21 34-36 40
Nine studies compared the services to usual care; in one study 18 the control group were encouraged to talk freely about their breathlessness and disease but not offered training or counselling, and two studies compared one versus three contacts with a service. 39 40 Nine studies enrolled only patients with cancer, 18 19 34 36-40 two enrolled only patients with non-malignant disease 20 or COPD 35 and one study enrolled patients with any advanced disease. 21 In total, 979 patients were recruited (range 22 39 to 156 40 ), including 757 (77.3%) with advanced cancer and 180 (18.4%) with advanced COPD. The remaining participants (4.3%) had other non-malignant diseases including interstitial lung disease or heart failure. A wide variety of outcomes were measured (online supplementary table S1). The most common measures were breathlessness intensity (10 studies), distress due to breathlessness (10 studies) and anxiety and depression (9 studies). Breathlessness intensity measures varied by type (average/best/ worst), context (at rest/on exertion) and timing (current/past 24 hours/past week).
Quality assessment scores ranged from 35% to 100% (median 90.4%; online supplementary table S2). The lowest scores were for studies where only an abstract was available. [35] [36] [37] Due to the nature of the intervention that prohibits patient blinding and prioritises self-assessed outcomes, all studies were deemed at risk of detection bias and most at risk of performance bias (figure 2). Only three studies reported blinding of investigators.
19-21

Breathlessness intensity
Ten studies 18 21 34-40 assessed the severity of breathlessness using one or more of the following measures: visual analogue scale (VAS), Numeric Rating Scale (NRS) or Borg scores (see online supplementary table S3 for details). For 'best breathlessness' two studies using VAS found a greater improvement compared with control (differences in median change 5.7, p=0.03 34 and 1.0, p=0.02) 18 and three studies with unspecified measures found a significant intervention effect (F [2, 44] =5.30, p=0.009) 37 or no difference (data not reported). 36 37 For 'worst breathlessness' one study using VAS found a greater improvement compared with control (difference in median change 3.5, p=0.05), 18 whereas no significant differences were found by two studies using NRS (MD -0.35, 95% CI -1.71 to 1.01, p=0.61
21 ; MD 0.41, 95% CI −0.86 to 1.67, p=0.53), 38 one study using VAS (difference in median change 3.8, p=0.14) 34 and one with an unspecified measure (data not reported). 36 For 'average breathlessness' one study using an unspecified measure found a greater improvement compared with control (difference in mean change 1. 38 One study using NRS found no effect on breathlessness on exertion (MD −0.73 95% CI −1.69 to 0.22, p=0.13), 21 and one study using Borg scale ratings for breathlessness at rest and on exertion found no difference between groups (data not reported). 35 In line with their feasibility study results, 39 a powered trial comparing one with three service contacts found no significant difference in NRS worst (MD 0.2, 95% CI −2.31 to 2.97, p=0.83) or average (MD 0.3, 95% CI −2.00 to 2.62, p=0.79) breathlessness. 40 
Breathlessness affect
Ten studies 18-20 34 36-40 assessed 'distress due to breathlessness' using VAS (range 0-100, higher=worse) or NRS (range 0-10, higher=worse), two as a prespecified primary outcome. 19 20 Of eight studies comparing breathlessness services to usual care, data from five 18-20 34 38 were pooled in a meta-analysis (n=324, figure 3A ). Three studies 36 37 reported no significant difference but could not be included as data were not reported. Meta-analysis of those studies reporting data showed significantly lower NRS distress following the intervention compared with control (MD −2.30, 95% CI −4.43 to −0.16, p=0.03). A sensitivity analysis excluding two outlier studies 18 34 resulted in a reduced point estimate of effect and non-significant difference (MD −0.29, 95% CI −1.00 to 0.43, p=0.43; I 2 =0%). One feasibility study 39 and one randomised trial 40 testing service variations found no difference on NRS 'coping with breathlessness' (MD −1.7, 95% CI −4.27 to 0.90, p=0.20) 40 and significantly higher NRS distress due to breathlessness following three sessions versus one session (MD 3.9, 95% CI 0.98 to 6.91, p=0.01). 40 Four studies 19-21 35 assessed 'mastery over breathlessness' using the Chronic Respiratory Questionnaire mastery domain; two as a primary outcome. 21 35 A meta-analysis of these data (n=259, figure 3B ) showed a statistically non-significant increase in mastery (range 1-7, higher=better) favouring the intervention (MD 0.23, 95% CI −0.10 to 0.55, p=0.17). A sensitivity analysis excluding one study 35 deemed at high risk of bias increased the point estimate of effect (MD 0.30, 95% CI −0.06 to 0.66, p=0.11). One study found significantly lower mastery scores following three compared with one service contact (MD −0.6, 95% CI −1.06 to −0.11, p=0.02). 40 One further study found improved dyspnoea-12 (range 0-36; higher=worse) scores following intervention as compared with control (MD 5.19, 95% CI 0.62 to 9.75, p=0.026).
38
Psychological outcomes
Seven studies assessed anxiety and depression using the Hospital Anxiety and Depression Scale (HADS).
18-21 34 36 38 Data from these seven studies (n=552, figure 3C ) showed a statistically non-significant reduction in anxiety scores (range 0-21; higher=worse) favouring the intervention (MD −1.59, 95% CI −3.22 to 0.05, p=0.06). Sensitivity analysis excluding one study 36 deemed at high risk of bias increased the point estimate (−1.85, 95% CI −3.76 to 0.06, p=0.06). Sensitivity analysis removing one outlier study 34 resulted in a reduced point estimate but statistically significant group difference (MD −0.66,-1.23 to −0.10, p=0.02; I 2 =0%). No statistical differences in anxiety were reported when comparing one and three contacts. 39 40 For depression, one study 37 reporting no difference between groups could not be included in the meta-analysis as data were not provided. Meta-analysis using six remaining studies (n=408, figure 3D ) showed reduced depression scores (range 0-21, higher=worse) favouring the intervention (MD −1.67, 95% CI −2.52 to −0.81, p<0.001). No statistical differences in depression were reported when comparing one and three contacts. 39 40 Three further studies reported no significant differences between the intervention and control groups in 'psychological symptoms'; two using an unspecified measure (data not reported) 36 37 and one using the Rotterdam Symptom Checklist (range 7-28, higher=worse; difference in median change −8, p=0.21). 34 One study comparing one session with three sessions found no significant difference on CRQ emotion scores (MD −0.09, 95% CI −0.54 to 0.36, p=0.69).
40
Physical function, health status and survival
Five studies
18-21 34 assessed physical function. Two studies found greater improvements following intervention compared with control using the Functional Capacity Scale (range 0-14; higher=better; MD for change 1.25, p<0.02) 18 and WHO Performance Scale (range 0-5, higher=worse; difference in median change −2, p=0.02), 34 respectively. Three studies observed no difference in functional outcomes between groups assessed using either the London Chest Activities of Daily Living Scale 21 (MD -5, 95% CI -12.22 to 1.02, p=0.10) or patient-reported number of times out of house 19 20 (data not reported). Seven studies 19-21 34 35 38 40 included a measure of health status or quality of life. No significant differences were found between groups across the CRQ dyspnoea domain 19-21 35 (including the comparison between one and three sessions 40 ) or total score, 21 EuroQol-5D index 21 or VAS, 21 38 and the Rotterdam Symptom Scale quality-of-life domain. 34 Due to heterogenous measures, change from baseline and post-intervention scores, and cases of non-normally distributed data, we decided against meta-analysis for these outcomes.
Two studies reported survival data. 21 34 One found a significant difference in survival (generalised Wilcoxon score 3.9, p=0.048) in favour of the intervention. 21 Subgroup analysis found the difference was driven by participants with non-cancer diagnoses. The remaining study, enrolling only patients with cancer, found no difference in survival across groups (data not reported). 34 
economic evaluation
One service did not increase formal care costs compared with usual care (mean (SD) £2911 (£2729) vs £3709 (£4484); incremental QALY gain 0.092 (95% CI −0.23 to 0.04)). 21 Another service 19 20 was more cost-effective than usual care for patients with cancer (total costs £354 lower (95% CI ̶ £1020 to £246); incremental QALY-gain 0.0002 (95% CI −0.001 to 0.002)), 19 but not non-cancer conditions (total costs £799 higher (95% CI ̶ £237 to £1904); 0.003 QALY gain (95% CI -0.001 to 0.007)).
20
A third service enrolling patients with cancer found a non-significant reduction in QALYs following three sessions compared with one session (MD −0.006 (95% CIs −0.018 to 0.006)).
experiences of holistic breathlessness services
Twelve articles 18-21 41-48 reporting experience data from five separate services were included in the qualitative synthesis (table 1) .
These included six mixed-method 18-21 43 46 47 and five qualitative studies. 41 42 44 45 48 Most data were from patient and/or carer interviews 18-21 41-45 48 ; one used therapists notes, 46 and one used free-text responses to a postal survey. 47 Data represented views of 167 patients (53.9% with cancer) and up to 49 carers. Quality assessment scores ranged from 40% to 85% (median 70%; online supplementary table S4). Common limitations included lack of reflexivity, not using verification procedures to establish credibility and unclear reporting of the analytic methods. Three themes were identified: valued characteristics, perceived outcomes and challenges to services.
Patients valued the education and information sharing included in the services, particularly to help them understand their breathlessness, legitimise the treatments being suggested, and provide resources to refer to in future crises (Box 2). The treatments themselves (breathing techniques, pacing, positioning, relaxation, handheld fan) were praised for their simplicity, portability and perceived effectiveness. The psychosocial support received through the services was highly valued, providing opportunities for participants to have their experiences listened to and acknowledged, receive support and reassurance, and discuss problems beyond their breathlessness. Participants appreciated when carers were involved, both to support them as individuals and in caring for the patient. Overwhelmingly, recipients commented on the qualities of the staff providing services, whom they deemed experts in not only managing breathlessness, but in person-centred care and treating participants with respect and dignity.
In line with quantitative findings, perceived outcomes were mostly psychological, including increased understanding and self-efficacy, and feeling more 'in control', less isolated, or less distressed (Box 2). Some recipients also reported their breathing feeling easier and more controlled. Others felt the sensation of breathlessness was unchanged, but their reaction to it had changed. Participants reported being more able to maintain and/ or increase their daily activity, and successfully self-manage.
Two potential challenges for services were identified (Box 2). First, respondents' accounts showed the importance of motivation to self-manage in the success of the interventions, yet this was difficult if benefits were not quickly achieved. Second, some participants had low expectations of the services or the treatments offered, which at times resulted in a reluctance to engage.
dIsCussIon
This review synthesised quantitative and qualitative evidence to provide a detailed understanding of holistic services for people with advanced disease and breathlessness that persists despite optimal treatment of the underlying disease. Despite wide variation across health service models, we found evidence suggesting an effect on the affective domain of breathlessness, and on psychological outcomes of anxiety and depression. Services were highly valued by patients and carers, who appreciated the education to help them understand their breathlessness, the provision of useful self-management interventions and the provision of expert dignified care which centred on the person. There was however no effect on overall health status or quality of life using varied generic measures, and mixed evidence around any effect on physical function.
To our knowledge, this is the first systematic review in this field; a recent narrative review described some common service features, but focused on an emerging service in Munich that contributed to our data. 49 The bias of effect towards psychological health outcomes is concordant with the primary focus of these services to support living with breathlessness rather than taking the symptom away. The effect on depression, which in cases arose from preventing its onset within usual care, 21 34 may have been achieved through expert management of breathlessness and concurrent symptoms, but also through receipt of holistic care that prioritised active listening and putting the person before their disease. ► Involving carers: 'Knowing now that he won't die in one of these sort of situations, so that certainly helped me, and it certainly helped me to realise that, you know, I can probably help him to calm down. So yes, as a carer I think it was a help.' (038t3c) 20 ► Psychological support: 'I was able to discuss my personal feelings, that you don't talk to your family about so not to worry them.' (69-year-old woman with COPD) 47 ► Simple, portable and effective tools: 'To put my hand on my tummy … puff puff puff … and do that, and you know, it's amazing really, it sounds so pathetic when you say something … It is simple, it's not a thing you'd think of doing.' (530t3pc) 19 
Perceived outcomes
Affective distress ► Increased self-efficacy: 'They were increasing activity and functional levels by using breathing techniques and exploiting the confidence these gave them. Challenges to services ► Motivation: 'She gave me a fan and told me to, you know, put it on … and then blow out. I do try to do it, but I get so out of breath doing it. I give up.' (Case 013) 43 Continued therapies, self-management programmes and more comparable to pulmonary rehabilitation, 50 51 despite the different interventional approach. While few measurable effects were identified for physical function and quality of life, we feel it important to acknowledge the qualitative data that captured participants' feelings of expanding horizons, including being able to maintain daily activities and tasks. The diverse nature of patient-reported improvements in physical function may be difficult to capture using standardised measures, and individualised measures (eg, goal attainment scaling 52 ) could have more utility in this setting. We intentionally made no attempt to compare with pulmonary rehabilitation, although in chronic respiratory disease the interface between the two service models must be addressed. In no respect do we view holistic breathlessness services as a replacement for pulmonary rehabilitation, which is a highly effective and underused intervention.
14 These services may however act as a next step for people who remain highly symptomatic despite completing pulmonary rehabilitation, as a bridge for people limited by chronic breathlessness but who decline pulmonary rehabilitation (which may include people who are post-admission for an acute exacerbation), and/or as an adjunct for patients whose goals relate to psychosocial health. Homebased pulmonary rehabilitation provision overcomes some issues with transportation and improves reach. 53 54 However, holistic breathlessness service services may provide an additional opportunity for health gains in people unable to complete programmes with a major exercise component, particularly where breathlessness limits people from exercising to an intensity associated with a training response. 6 16 55 The inclusion of palliative care may also be helpful for this population, who have distressing physical and psychological symptoms, often limited understanding of their disease, and infrequently discuss end-of-life issues in routine clinical care. 24 Although international guidelines advocate for early integration of palliative care in chronic disease, 22 23 the unpredictable course of many respiratory conditions, including COPD, and the difficulty of predicting survival are barriers to timely palliative care referral and receipt. A symptom-triggered approach should reach more people likely to benefit than current approaches based on prognostication. 24 For services already well-aligned with palliative care, adoption of the core therapeutic components for breathlessness management into existing practice may suffice.
The heterogeneity of service models with respect to staffing, structure, content and target populations is an important finding. While some shared characteristics were identified (Box 3), further work is required to determine the most effective components, and which recipients gain most benefit. This includes determining optimal service duration, particularly as one trial found better outcomes for distress due to breathlessness and mastery after one session versus three (hypothesising that one session increased self-efficacy and reduced logistic challenges of multiple clinic visits). The literature is small but increasing, and new data from services identified with no published outcomes can be expected. Use of consistent measures may permit meta-regression, or responder analysis using individual level data to identify service and patient characteristics related to better outcomes.
An alternative approach is to use discrete choice experiments to identify which components would be prioritised and preferred by patients and carers, particularly in resource-limited settings. Findings would inform future services as appropriate, but also adoption of the most effective characteristics into existing services upstream. Increased consideration of cost effectiveness is also warranted.
Strengths of this work include a registered protocol, and a systematic and comprehensive search across multiple databases, inclusive of grey literature, with no exclusions by publication year or language. Eligibility and quality assessment was conducted independently by two authors, and multiple stakeholders (researchers, clinicians, service user representatives) contributed to the analysis and interpretation of these data. The review also has some limitations. First, the meta-analyses included data from services shown to vary in structure, delivery and recipients. We completed sensitivity analyses in response to any clinical heterogeneity, but the overall dataset was moderate in size and sensitivity analysis compromised the precision of our effect size estimates. These estimates may be inflated by lack of blinding of study personnel in some instances, and disappointment effects in control groups where a fast-track design was not used. Moreover, although we did not assess for statistical evidence of publication bias, there was clear evidence of selective reporting where study authors did not provide data for statistically non-significant findings. Some of our estimates do not include these data, and caution should be applied in these instances. There were also challenges with inconsistent use of, and unclear reporting of, outcome measures, which sometimes precluded meta-analysis (eg, breathlessness intensity). For the qualitative synthesis, included data were drawn from published studies or abstracts. This created an additional layer of abstraction, although also allowed synthesis of study authors' interpretations as we did not limit data extraction to direct quotations. Qualitative data were predominantly drawn from two UK services, [19] [20] [21] and patients who had fully engaged with the services. Less is understood about experiences of these services internationally, of carers, and of those who dropped out and perhaps might report less benefit. Finally, we limited the review to studies in people with advanced disease, which reflects key studies in the current evidence base. We acknowledge that service access based on disease severity may however not serve those patients with distressing breathlessness but in early stages of disease by traditional markers, for example, moderate airflow obstruction or potentially resectable thoracic cancer. As such, we advocate access to these services primarily based on the presence of breathlessness, accepting the empirical data presented does not extend to some groups.
In conclusion, holistic services for chronic breathlessness in people with advanced disease overall demonstrate positive effects on patient distress due to breathlessness and psychological health. Services are heterogonous in their content and delivery, but are highly valued by patients and families, who appreciate tailored education around breathlessness, provision of simple, portable self-management interventions and expert staff providing person-centred, dignified care. Chronic or distressing breathlessness can serve as an appropriate referral indicator for timely referral and receipt of palliative care, especially in non-cancer conditions where prognostication causes delays. Further work should test and understand the most effective service configurations and how these can be integrated into existing healthcare systems.
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